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We use the density functional method to examine the properties of the nonuniform (two-phase) fluid of two-level atoms, a part of which is excited. From the analysis of the equation of state of a gas of two-level atoms, a part of which is excited, the following density functional of the grand thermodynamical potential emerges for establishing of equilibrium over translational degrees of freedom, the system should exhibit equilibrium properties at a given (nonequilibrium) concentration of excited atoms. Moreover, owing to new effective long-range interatomic interactions -the resonance dipole-dipole interactions -one may expect essential changes of various equilibrium characteristics due to the presence of excited atoms. The analysis performed within the frames of the cluster expansion method confirmed these expectations (see Refs. [ 7, 8] and references therein). On the other hand, there are only a few papers which may be related to experimental observations of the theoretically investigated features of the gas with excited atoms. We should mention here the papers on the influence of irradiation on the condensation of iodine and anthracene vapor [ 11, 12] and on the photonucleation [ 13, 14, 15, 16, 17, 18, 19, 20, 21] , in particular, in vapors of mercury and cesium. The latter studies reported the quantitative results of resonance irradiation influence on the nucleation rate. The main conclusion of these studies is as follows: the resonance irradiation of the nucleation zone leads to a sharp increase of the nucleation rate. The obtained experimentally results, to our best knowledge, have not been explained until now. One may try to interpret these data basing on the theory of nucleation in a supersaturated vapor which contains excited atoms. Such atoms may appear as a result of the resonance irradiation.
In what follows we present preliminary results about the nucleation phenomena in a fluid of two-level atoms, a part of which is excited (see also [ 22] ). In our study we use the density functional approach developed by D. W. Oxtoby with coworkers [ 23] . This method permits to obtain the nucleation rate basing on the first principles. The nucleation rate J is connected with the nucleation barrier A, J = J 0 exp − A kT . The nucleation barrier can be calculated within the frames of the classical nucleation theory which relies on the capillarity approximation [ 23] 
Here γ is the surface tension of the vapor-liquid interface, ρ l is the density of liquid,
is the supersaturation, p is the actual pressure of the supersaturated vapor and p 0 is the equilibrium pressure. To compute the nucleation rate according to Eq.
(1) one has at first to construct the vapor-liquid phase diagram determining the equilibrium pressure p 0 and the liquid density ρ l at the temperature T and then to compute the surface tension γ at this temperature. This calculation can be done within the density functional approach considering the planar vapor-liquid interface. Alternative approach for calculation of the nucleation barrier which does not use the key assumption in the classical nucleation theory -the capillarity approximationwas suggested by D. W. Oxtoby [ 23] . According to this scheme one has to consider a metastable vapor in a spherical vessel of the radius R, assume appearance of a spherical liquid droplet in the center of the vessel and analyze the density profile and the value of the grand thermodynamical potential of such a two-phase fluid with the spherical vapor-liquid interface. The value of the grand thermodynamical potential of such a metastable fluid Ω(T, µ, V ) permits to calculate the nucleation barrier via the equation
In our study we use both schemes for calculation of the vapor-to-liquid nucleation barrier in a system of two-level atoms, a part of which is excited.
To perform the theoretical analysis of the vapor-to-liquid nucleation in the presence of the excited atoms we need an appropriate density functional of the grand thermodynamical potential. We assume the grand thermodynamical potential to be a functional of the density with the form
where
Here Λ is the thermal de Broglie wavelength of the atom, v = 4 3 πσ 3 , σ is the radius of the atom, c 1 is the concentration of the excited atoms, a =
is the dimensionless parameter which characterizes the two-level atom (in what follows we set a = 1), E 1 − E 0 is the excitation energy, d is the value of the transitional electrical dipole moment between the ground and excited states. The equilibrium density minimizes the grand thermodynamical potential Ω[ρ(r)], i.e. is the solution of the following integral equation
Substituting the equilibrium density into Eq. (3) one obtains the value of the grand thermodynamical potential of the system Ω(T, µ, V ). The adopted density functional of the grand thermodynamical potential (3) is consistent with the virial state equation obtained earlier [ 1] . It takes into account the short-range interaction within the Carnahan-Starling local approximation (the first term in the r.h.s. of Eq. (3)) neglecting the difference of the atom radii in the ground and excited states. Moreover, it takes into account the long-range interactions, in particular, the resonance dipole-dipole interactions, within the mean-field approximation (the second term in the r.h.s. of Eq. (3)). Note, that the coefficient a(c 1 , T ) (4) depends on temperature only when c 1 deviates from zero. More sophisticated density functionals are available but they have not been employed in the present study.
It is convenient to introduce the dimensionless units of energy, temperature, chemical potential, length, volume, density, pressure, surface tension etc renormalizing these quantities as follows:
T ln Λ
Moreover, we assume for concreteness in Eqs. (4) and (7) a = 1. We also set without loss of generality
We start with the phase diagram of the system. For this purpose we assume the constancy of the density, ρ(r) = ρ, that immediately yields instead of Eqs. (6) and (8) the following expressions
and
Solving Eq. (10) with respect to ρ and substituting this density into Eq. (9) one gets the value of the grand thermodynamical potential Ω(T, µ, V ). One can also eliminate with the help of Eq. (10) the chemical potential µ from Eq. (9) getting as a result the equation of state
Eq. (11) agrees with the virial state equation of a gas of two-level atoms, a part of which is excited, obtained earlier [ 1] (see also Refs. [ 7, 8] ). Eq. (10) = p one finds such two densities ρ v and ρ l > ρ v which yield the same value of µ. The quantities T , p = p 0 , ρ v , ρ l , µ = µ 0 correspond to the points on the phase diagram where the two phases, liquid and vapor, coexist (see Fig. 1 ). In Fig. 1 we display To calculate the vapor-to-liquid nucleation barrier according to Eq. (1) one has to find the surface tension γ. Analyzing the density profile for a planar vapor-liquid interface (for this purpose we consider a two-phase system in a cylinder of the radius R and the height L) at T = 0.8T c (0) and c 1 = 0.00006 and estimating Ω(T, µ 0 , V ) we find according to the relation γπR 2 = Ω(T, µ 0 , V ) − (−p 0 πR 2 L) the value of the surface tension γ = 0.00051195. As a result one immediately gets the value of the vapor-to-liquid nucleation barrier A T ≈ 68.3294 (see Fig. 2, dash-dotted curve 3) . Obviously, since A T becomes now finite (and decreases as c 1 increases) the nucleation A __ T Figure 2 . The dependence of the vapor-to-liquid nucleation barrier on the concentration of excited atoms c 1 at two temperatures T = 0.6T c (0) (curves 1 and 2) and T = 0.8T c (0) (curves 3 and 4). The curves 1 and 3 were obtained using Eq. (1), the curves 2 and 4 were obtained using Eq. (2).
of liquid from vapor becomes now possible.
On the other hand, we can calculate the nucleation barrier on the basis of Eq. (2). First we estimate the Thompson radius r ⋆ = 2γ kT ρ l ln s at T = 0.8T c (0) and c 1 = 0.00006. We obtain r ⋆ 2 ≈ 6.614283. We note that r ⋆ is rather small that may be a reason to go beyond the classical nucleation theory since the capillarity approximation cannot be justified for such small droplets. Next we calculate the chemical potential for the supersaturated vapor with excited atoms according to Eq. (10) with ρ ≈ 0.02227178 (this value of density follows from Eq. (11) for c 1 = 0.00006, T = 0.8T c (0) and p ≈ 0.00004118), µ = −0.01049448 + 0.00049852, and analyze the density profile of a spherical droplet in the supersaturated vapor seeking for a "stable" value of the grand thermodynamical potential which plays a role of Ω(T, µ, V ) in Eq. (2) (for details see [ 23] ). We find A T ≈ 67.12 that agrees with the value obtained within the frames of the classical nucleation theory. The described calculations have to be repeated for other values of concentration c 1 . Moreover, we perform such calculations for several values of temperature. Some of our findings are collected in Fig. 2 .
The main conclusion which can be read off from Fig. 2 is as follows: the vapor after appearance of excited atoms becomes metastable with s > 1 and the nucleation barrier for vapor-to-liquid phase transition becomes essentially diminished. This outcome agrees with a naive expectation that the long-range resonance dipole-dipole interactions should act in favor of liquid formation in vapor. Although the present consideration permits to obtain the nucleation rate which can be measured experimentally much more work is required to compare theory and experiment. First, we have to analyze in detail the results for nucleation rates [ 15, 16] obtained using the upward thermal diffusion cloud chamber setup [ 24] . Second, we should bare in mind that the fluids whose photonucleation has been studied have more complicated particle structure and interparticle interactions. Comparison with experiment can therefore be only qualitative at present, and in this respect our results are consistent with the data reported in Refs. [ 15, 16] .
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